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Abstract 
Recently,with install capacity of wind turbines increases continuously, the wind power consisting of 
operation,research on reliability,maintenance and rapair will be developed into a key point..Failure analysis can 
support operation,management of spare components and accessories in wind plants,maintenance and repair of wind 
turbines.In this paper,with the eye of wind plants’structure and function,statistic and analysis the common fault of 
each part of the plant,and then find out the faults law , faults cause and fault effect,from which put forward the 
corresponding measures. 
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1. Continuing Rapid Development of Wind Power Home and Abroad 
Wind power is renewable, pollution-free, short construction period, flexible operation and easy 
maintenance. The advantages of wind power is generally recognized, and therefore it is sustained high 
growth in recent years. 
GWEC announced that global wind power generation is 130% more than last year in 2009, an increase 
of 37.5 million KW of new capacity.The world’s wind turbine generation from 1997 to 2009 is in fig 1 
 
Fig 1 the world wind turbine generation from 1997 to 2009 
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As the fig shows,china’s wind power industry has developed rapidly in the recent yearsˊ Particularly 
after the implementation of the Renewable Energy Law in 2006ˈ it has grown at an annual speed of more 
than 100 percent for two years runningˊ In 2007 the installed capacity of Chinaÿs wind power industry 
was about 5ˊ9 million kW, only next to the United States and Spain in the worldˊ China has become 
one of the worldÿs fastest growing wind power markets,with wind power scale ranking fifthˊData 
provided by the China Wind Energy Association shows that by the end of 2007ˈChina had 
accumulatively built more than 100 wind power plants in 22 provinces and regionsˊ It is predicted that 
Chinaÿs wind power will continue to maintain an annualexpansion speed of adding four million kW of 
installed capacity in the years to come, bringing a total installed capacity up to l4 ˉ15 million kW by 
2010 and 80ˉ100 million kW by 2020ˊ After 2020ˈthe wind power is likely to surpass nuclear power 
to become the third largest power source for Chinaˈand even surpass hydraulic power to become the 
country’s second largest power source in 2050ˊ 
2.  Research Significance 
With the commissioning of the increasing number of wind turbines, the reliability studies, failure 
analysis and fault diagnosis of wind turbine will become the new growth industry. The significance of 
failure analysis and fault diagnosis of wind turbine in the lower accident rate, reduced maintenance costs, 
reduced maintenance time and improving the units operation efficiency and reliability, and providing 
guidance for designers. According to statistics, after using the reliability analysis center techniques for the 
maintenance and fault diagnosis, the accident rate reduced by 75%,and lower the maintenance costs by 
25-50. So no matter from a security point of view, or the basis of benefits, wind turbine failure analysis and 
the establishment of a complete fault diagnosis system is extremely important. 
Now, wind turbine failures in the operation has already had a large proportion, and the gear box is the 
most expensive parts to replace in the maintenance,to which all the wind plants in the world and the 
equipment factory has paid great attention.It is showed that wind turbine condition monitoring and fault 
diagnosis is in the face. 
3. Structural analysis of wind turbine and typical fault 
With the development of wind power from the rise to the present, there are continuous improvement and 
updating in technology,and the types of the wind unit are variety. Large horizontal axis wind turbine made 
by domestic and international manufacturers are different in tyres but but structurally similar,as showed in 
fig 1.According to the way of power adjustment,the horizontal axis wind turbine can be divided into fixed 
pitch stall-type, pitch stall-type, variable speed and constant frequency type,and the third type can be 
divided into traditional, direct drive and hybrid. 
The wind unit is composed by the rotor, pitch system, cabin, gearbox, yaw system, braking system, 
generator, electrical inverter system, main control system, sensors, hydraulic system, tower and 
foundation and other subsystems,and each system has some parts. 
 
Fig 2 Structureof wind turbine 
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Wind turbines capture wind energy through wind turbine, transmission system including the main shaft, 
gearbox and coupling etc,delivered the kinetic energy to the generator,and the generator regulated by the 
electrical control system issues the high-quality power, then transform the power to gird by the converter 
and transformer. Control system is the command center of the brain of the power generation,which can 
control the wind aligenment for yaw system,control the converter capturing the maximum wind energy,and 
stable electric power output through the pitch system. 
3.1Wind rotor 
As the long-term work in the wind, rain ,snow and other harsh environments,the units may Easily lead to 
the rotor imbalance, blades and hub corrosion, damage and other faults. In contrast, the fault rate of the 
blades and nub is relatively small. 
3.2Pitch system 
Pitch system regulate the power by changing the blade angle .The pitch system can be divided into 
hydraulic pitch and electrical pitch by the driving force.electrical pitch is more flexible and can be 
easily controlled,so it has a wider use.It changes the blade angle by fixing slewing bearings for pitch 
drive motor  between the blade and nub,which can change the blade lift to control the torque and 
power of the blade. 
Pitch system mainly has four tasks: 
Avoid the sympathetic vibration  speed to minimize The impact of dynamic and static load by 
reasonably changing the blade angle when the tubine starts or stop. 
By adjusting the blade angle control the fan speed in the vicinity of the rated speed, steady the output of 
generator power when the wind speed is above the rated speed. 
When the safety chain is open, the rotor blade back is used as aerodynamic brakes to make the blade 
back to the parking position. 
Attenuate the rotor vibration to minimize the mechanical load of the fan. 
3.3gearbox 
The main function of gearbox is that pass the motivity that the rotor made by the wind to the generator to 
reach the corresponding speed. The rotor speed is very low, well short of the requirements of generators,so 
there must be a gearbox to speed up. The front of spindle flange of the gearbox is connected with the 
rotor,and the wind drive the rotor spining,then the rotor drive the gearbox shaft spinning,and the shaft drive 
the growth part spinning.In this way,the gearbox transfers the low rate and high torque mechanical energy 
from the rotor to shaft where the mechanical energy is high rate and small torque. Gearbox output shaft is 
connected with the  motor shaft through the flexible coupling , and drives the generator’s rotor rotation, 
then inputs the energy to the generator. Generator translates the  kinetic energy to electric energy and then 
transfer it to the grid. 
The lubrication is very important to the gearbox,and most faults are caused by poor lubricated.Besides 
protect the gear and bearing,the lubrication can also reduce friction and abrasion,and it is of  high bearing 
capacity,and it can prevent the glue, absorb shocks and vibration , prevent fatigue pitting,at the same time, 
cooling, anti-rust, anti-corrosion are also the main function of  the lubrication. 
The gearbox is the most important part of the wind turbine.Because of the long running in the poor 
working conditions,its faults are various, such as shaft imbalance, shaft misalignment, shaft damage, 
bearing damage, gear damage, broken shaft, leaking oil, oil temperature too high , and poor lubrication. 
28  Ma yang et al. / Physics Procedia 24 (2012) 25 – 30
3.4generator 
Generator transforms mechanical energy into electricity. Generator’s types are various,such as cage 
induction generator, brushless doubly-fed generator, AC excited generator, synchronous generator . Wind 
power technology has been developed from fixed pitch wind turbine to variable pitch wind turbine,from 
Constant rate control to variable speed and constant frequency control .  
VSCF generating system also has three types including Double-fed asynchronous motor VSCF 
generating system, synchronous motor VSCF generating system and permanent magnet synchronous motor 
VSCF generating system. Most manufacturers at home and abroad use Double-fed asynchronous motor. 
Generator’s long-term operation in the electromagnetic environment may causes some commen faults as 
follows: Generator excessive vibration, too much noise  generator overheating, bearing overheating, 
abnormal noises and insulation damage ,ect. 
3.5Yaw system 
The wind direction is changing with time, and wind generators must be windward to use the wind 
energy by maximum efficiency. Therefore, the cabin must also change to follow the changing wind 
direction to ensure that it is windward,and this is realized by the yaw system. Yaw system is a 
indispensable part of the horizontal axis wind turbine,which plays a very important role in the use of wind. 
Yaw system is generally divided into active and passive yaw system,and passive yaw system  is relying 
on the wind to complete action on the wind rotor through the relevant agencies; Active yaw refers to the 
use of electric or hydraulic drag to complete the action of wind,which has two forms: gear driving and 
sliding. For large grid wind turbine,it usually use the gear driving of the passive yaw system. 
Yaw system’s common faults are not accurate positioning, yaw gear tooth wear, abnormal noise, yaw 
limit switch fault and lubricant leakage,etc. 
3.6tower 
The tower and foundation play a supporting role , and it is not only the supporting structural parts 
of the cabin, but also the installation and maintenance personnel channel for up and down the cabin . 
Generally the tower should have a certain height to obtain more wind energy. 
Tower tube and engine room have a small probability of failure, where equipped with vibration sensors, 
and occasionally because of weather or other failure may cause excessive vibration, which need to stop the 
unit. But with the increase of unit age, there will be ice, dirt, corrosion, damage and other failure,so there 
are also needs for regular maintenance. 
4. Failure and downtime frequency 
 
Fig 3 Distribution of number of failures 
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Fig 3 shows the percentage breakdown of failures . Most failures were linked to the electric system 
followed by sensors and blades/pitch components. 
 
Fig 4 Percentage of downtime per component 
Fig 4shows the distribution of downtime percompone.The results show that the most troublesome 
component is the gearbox, closely followed by the control system, and the electric system. This means 
that the gearbox has the longest downtime compared to the other components. 
TAB 1  FAILURE AND DOWNTIME FREQUENCY 
 
Table 1 also shows annual failure frequencies and turbine downtimes. These calculations take into 
account that some turbines use neither hydraulics nor gearboxes. A suitable mearement of the failure’s 
severity considers component failure frequency and average downtime per failure. If, for example, a 
component fails often but has a very short downtime, this does not noticeably disturb the production 
compared to a seldom accurring failure that has a long downtime. The most critical components are the 
drive train, the gearbox, and the yaw system, which take 250–290 h to repair. 
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TAB2  TYPE OF GEARBOX FAILURE 
 
Tab 2 shows that the different reasons of the gearbox faults.We can see that the bearings and the 
gearwheels are the main failure part of the gearbox,about 50% faults of the total number of failures,and 
most downtime is caused by them. 
5. Conclusion 
This paper, which focuses on the structure and faults of wind power plants, shows the wind turbine is 
the key tends for the next 20 years or even more,and also discusses the main components and the 
corresponding faults,and especially shows that the gearbox is the most critical component for its its 
downtime per failure is high in comparison to other components in the wind power turbine. 
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